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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a rare-earth 
alloy film magnet in which the coarsening of crystal 
grains is suppressed so as to prevent the disturbance of 
the c-axes of crystal grains which is caused by the 
interference between adjacent grains and results in the 
variation of the direction of magnetization of the magnet 
when the grains become coarser. 
SOLUTION: This rare-earth alloy film magnet has a 
mixed texture of an Nd2Fe14B~type crystalline phase in 
which the c-axes of crystals are oriented in the 
direction of thickness and an amorphous phase and at f^-Sv 
least one element selected from among In, Ga, Al, and, Si 
is added to the film of the magnet in such a way that the 
concentration of the element is periodically changed in 
the direction of thickness so that the concentration 
becomes higher at the portion which is in contact with a 
substrate. The concentration changing cycle is adjusted 
to 1-10 \xxx\ and the average concentration of the 
element is adjusted to <5 at.%. In addition, the 
amorphous phase is constituted in a ferromagnetic phase. 
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* NOTICES * 
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damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The rare earth alloy film magnet which adds at least one element in In, Ga, aluminum, 
and Si in the film, makes this element concentration high in the part which touches a substrate 
while the c-axis of a crystal has the mixed organization of the Nd2Fe14B mold crystal phase and 
amorphous phase which carried out orientation in the direction of thickness, and is characterized 
by make it change in the direction of thickness periodically. 

[Claim 2] The change period of said element concentration is a rare earth alloy film magnet 
according to claim 1 characterized by being 1-10 micrometers. 

[Claim 3] The average concentration of said element is a rare earth alloy film magnet according 
to claim 1 or 2 characterized by being less than [ 5at% ]. 

[Claim 4] Said amorphous phase is a rare earth alloy film magnet according to claim 1, 2, or 3 
characterized by being ferromagnetism. 
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DETAILED DESCRIPTION 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electrical and electric equipment and the 
rare earth alloy film magnet for electronic equipment, and the rare earth alloy film magnet 
especially used for a small device or magnetic recording devices, such as a small motor, a 
microwave oscillator, and a micro machine. 
[0002] 

[Description of the Prior Art] Although it is indispensable to use a Nd-Fe-B system anisotropic 
magnet with magnetism powerful as a magnet in order for the need of a minute magnet to 
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increase with the miniaturization of a device and to obtain high power in recent years, in the 
process by machining of a sintered magnet, the correspondence to magnetic micrifying is 
becoming difficult as years pass by, and the limitation of machining is approaching. For this 
reason, the technique of forming a direct Nd-Fe-B system anisotropic magnet on a substrate by 
the forming-membranes methods, such as a spatter, and acquiring the last configuration will be 
examined as a technique in the future. 
[0003] 

[Problem(s) to be Solved by the Invention] On the occasion of production of the Nd-Fe-B 
system anisotropic magnet by the forming-membranes method, when thickness is increased, 
there is a problem to which the mutual intervention of the crystal by coarsening arises and a 
crystal stacking tendency falls. The turbulence of bearing of a crystallographic axis induces 
dispersion in the magnetization direction, and a magnetism fall, and by the motor, fluctuation of 
torque becomes large or it causes the symptom of torque value falling. 

[0004] As a solution of the problem about such coarsening, there are some which were indicated 
by JP.6-151226A for example. As this solution is shown in drawing 6 , it is the thin film magnet 
formed in the front face of a substrate 3, and the internal configuration of a thin film magnet has 
tried to carry out the laminating of the less than 5 micrometers R-Fe-B (rare earth elements in 
which R contains Y) magnet layer 2, and the metal layer 1 with a thickness of about 10-400A in 
the direction of thickness by turns, and to prevent coarsening by the metal layer 1 . Furthermore, 
with this solution, the spatter is carried out intermittently, taking the membrane formation 
quiescent time, by this, the temperature rise by the plasma at the time of membrane formation is 
eased, and prevention of coarsening is aimed at. 

[0005] However, although excelled in the point which can control coarsening comparatively 
easily, in order that the metal layer 1 which has different-species structure may enter in 
between, as for the technique of such multilayering in the conventional technique, generating of 
stress etc. does a bad influence not a little to the magnetic properties of the Nd-Fe-B magnet 
layer 2. Moreover, by the approach by the above-mentioned intermittent spatter in the 
conventional technique, since the substrate 3 is heated to hundreds of times, the problem of 
scaling which arises during a membrane formation pause arises. 

[0006] This invention is made paying attention to the trouble which exists in such a Prior art. 
The place made into the purpose is to offer the rare earth alloy film magnet which controlled big 
and rough-ization of crystal grain, without causing degradation of magnetic properties. 
[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, while the c- 
axis of a crystal has the mixed organization of the Nd2Fe14B mold crystal phase and amorphous 
phase which carried out orientation in the direction of thickness in this invention, at least one 
element in In, Ga, aluminum, and Si is add in the film, and the element concentration is make high 
in the part which touches a substrate, and it is characterize by make it change in the direction of 
thickness periodically. 

[0008] Moreover, the change period of said element concentration is set to 1-10 micrometers, 
make the average concentration below into pentatomic percent (at%), and let an amorphous 
phase be a ferromagnetic phase further. 

[0009] Therefore, in the rare earth alloy film magnet constituted as mentioned above, since an 
amorphous phase exists between Nd2Fe14B mold crystal phases, interference of Nd2Fe14B 
mold crystal phases was prevented fundamentally, crystal growth to an one direction was made 
possible, and the high crystal stacking tendency has been realized. Furthermore, since the 
element of In, Ga, aluminum, and Si which were added in the film promotes amorphous-ization, 
coarsening is controlled compulsorily. Moreover, if the condition of crystal interference to the 
first stage like a film formation fault should be formed, the serious bad influence for future 
crystal stacking tendencies will be done, but by this invention, element concentration added in 
the part which touches a substrate first is made high, and membranes are formed so that the 
Nd2Fe14B mold crystal phase which carried out isolated distribution may be formed into an 
amorphous host phase. And after that, element concentration is lowered, membranes are formed 
succeedingly, growth of a Nd2Fe14B mold crystal phase is promoted, and the space factor of 
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this crystal phase is increased. On the other hand, crystal grain originates in the atomic 
rearrangement to which the growth device mainly happens on a film front face, and the growth 
rate on the front face of the film becomes the quickest. For this reason, the mutual intervention 
by the formation of crystal big and rough is first produced at the film topmost part. Since it is 
such, in this invention, this element concentration is intentionally increased in the phase which 
reached the thickness which crystal interference produces, the host phase of an amorphous 
phase is formed again, and isolated distribution of the Nd2Fe14B mold crystal phase is carried 
out. This invention presupposes that it is possible to obtain a film magnet with very big thickness 
by repeating the above procedure, preventing crystal interference. 

[0010] If it puts in another way, this invention will have prevented unnecessary coarsening by 
making high concentration of at least one element in In, Ga, aluminum, and Si in near a substrate 
front face, and changing it in the direction of thickness periodically. And by sniffling the period of 
concentration change of this element with 1-10 micrometers, and sniffling the average 
concentration below with pentatomic percent (at%), the mutual intervention of a crystal was 
controlled effectively and the high crystal stacking tendency is realized. Furthermore, he is trying 
to acquire higher magnetism by making an amorphous phase into a ferromagnetic phase. 
[0011] 

[Embodiment of the Invention] The example of the rare earth metal film magnet concerning the 
gestalt 1 of the operation to gestalt 1. d rawin g 1 of operation is shown. In drawing 1 , the 
amorphous phase which a substrate and 4 become from a neodium iron boron nonmagnetic 
phase in 3, and 5 are Nd2Fe14B mold crystal phases, like illustration, the interior of a film magnet 
serves as a mixed organization of the Nd2Fe14B mold crystal phase 5 and the amorphous phase 
4, and each element of In, Ga, aluminum, and Si is added by the distribution of A shown in 
drawing 1 . 

[0012] Next, the sample of the gestalt 1 of the operation produced in order to perform a 
characteristic test is described. First, four kinds per [ of In Ga, aluminum, and each Si ] element 
of samples of the gestalt 1 of this operation were produced, and they were prepared so that it 
might have the element concentration profile of Distribution A which indicated all to drawing 1 . 
When the sample of In addition was produced, specifically, the distribution A of In was given to 
the interior of a film magnet by performing the coincidence spatter of 2 yuan, having prepared 
two kinds, Nd-Fe-B and Nd-Fe-B-In, as a target of a spatter, and adjusting the injection power 
to each target. Ar gas pressure made 4Pa and substrate temperature 560 degrees C. Moreover, 
the film magnet used the mask together and carried out spatter production by width of face of 
1mm, and 100 micrometers of thickness at the lateral surface of an iron cylinder substrate with a 
diameter of 0.5mm at homogeneity. 

[0013] Furthermore, in order to perform the comparison with the conventional thing for the 
gestalt 1 of operation, the following conventional example 1 and the following conventional 
example 2 were prepared as a sample of the conventional example. The conventional example 1 
carries put spatter membrane formation of the total thickness of 100 micrometers on both sides 
of about 100A Ti layer for 5 micrometers of every Nd-Fe-B layers, and the conventional 
example 2 forms Nd-Fe-B, without performing element addition (100 micrometers). 
[0014] 
[Table 1] 
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[0015] Thus, the sample of the gestalt 1 of this obtained operation and four poles of samples of 
the conventional example were magnetized, respectively, it included in the motor by having made 
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this into the magnet rotator, the motor was operated, and torque measurement was performed. 
Table 1 shows this measurement result. In addition, at the time of measurement, the rate of 
torque ripple in Table 1 means the rate of the average of this torque to change, and the range of 
fluctuation of the torque to change, although motor torque is always changed. 
[0016] From this measurement result, since torque fluctuation became small from the 
conventional examples 1 and 2, the sample of the gestalt 1 of the operation which added which 
element was also understood that control of crystal grain is performed effectively and there is 
little dispersion in magnetization. Moreover, since the value of average torque became large from 
the conventional examples 1 and 2, the sample of the gestalt 1 of this operation which added 
which element was also understood that a crystal stacking tendency is good and magnetism is 
strong. 

[0017] In addition, in the magnet of the gestalt 1 of operation, the Nd2Fe14B mold crystal phase 
5 is good also as a thing containing one or more kinds of rare earth elements other than IMd and 
transition-metals elements other than Fe other than Nd2Fe14B. For example, you may be 2 (Nd, 
Tb) (Fe, Co) 14 B phase, 2 (Nd, Tb) (Fe, nickel) 14 B phase, 2 (Nd, Tb) (Fe, Co, nickel) 14 B 
phase, 2 (Nd, Tb, Ho) (Fe, Co, nickel) 14 B phase, etc. Moreover, the amorphous phases 4 may be 
a neodium oxide phase besides a neodium iron boron phase, neodium a neodium boron 

phase, etc. Moreover, nitrides, such as oxide, such as alloys, such as pure metals, such as 
others, cobalt and nickel, and titanium, and iron cobalt, iron nickel, quartz glass, and an alumina, 
and titanium nitride, etc. can be widely used for a substrate 3. [ iron ] 

[0018] The example of the rare earth metal film magnet concerning the gestalt 2 of the operation 
to gestalt 2. drawing 2 of operation is shown. Although it has a substrate 3, the amorphous phase 

4 which consists of a neodium iron boron nonmagnetic phase, and the Nd2Fe14B mold crystal 
phase 5 and the interior of a film magnet is the same as that of the case of the gestalt 1 of 
operation in the point which serves as a mixed organization of the Nd2Fe14B mold crystal phase 

5 and the amorphous phase 4 as this structure is shown in drawing 3 Distribution of at least one 
element of In, Ga, aluminum, and Si is different in the gestalt 1 of operation at the point added by 
the distribution of B shown in drawing 2 . 

[0019] Next, the sample of the gestalt 2 of the operation produced in order to perform a 
characteristic test is described. Four kinds per [ of In, Ga, aluminum, and each Si ] alloying 
element of samples of the gestalt 2 of operation were produced, and they were produced so that 
it might have the element concentration profile of Distribution B which indicated all to drawing 
2 . In addition, if this production approach removes the above-mentioned element concentration 
profile, it is the same as that of the case of the gestalt 1 of operation. Moreover, about the same 
thing as the conventional examples 1 and 2 indicated at the place of explanation of the sample of 
the gestalt 2 of the operation obtained by doing in this way, and the gestalt 1 of said operation, 
like the case of the gestalt 1 of operation, 4 pole magnetization was carried out and it 
considered as the magnet rotator, and this was included in the motor, it operated, and torque 
measurement was performed. 
[0020] 
[Table 2] 
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[0021] Table 2 shows the measurement result. Since torque fluctuation became small from the 
conventional examples 1 and 2, control of crystal grain is performed effectively and each sample 
of the gestalt 2 of the operation which added which element was also understood that there is 
little dispersion in magnetization. Moreover, since the value of average torque became large from 
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the conventional examples 1 and 2, each sample of the gestalt 2 of the operation which added 
which element was also understood that a crystal stacking tendency is good and magnetism is 
strong. 

[0022] A substrate is a Ti plate, and the gestalt 3 of gestalt 3. implementation of operation 
makes concentration distribution of each alloying element of In, Ga t aluminum, and Si half-peak- 
width [ of 0.15 micrometers ], and peak concentration 5at% Gaussian distribution, it carries out 
spatter membrane formation, repeating this a fixed period, and makes it the total thickness of 
100 micrometers. In addition, if the gestalt 3 of this operation removes the above-mentioned 
point, it is the same as the gestalt 1 of operation. 

[0023] Next, it attaches and states to the sample produced in order to measure the coercive 
force per gestalt 3 of this operation. As a sample concerning the gestalt 3 of this operation, eight 
kinds of things from which a concentration period differs were produced by the plural 
coincidence spatter about each thing which added each element of In, Ga, aluminum, and Si. In 
addition, if this production approach removes the point of a substrate ingredient and the element 
concentration profile to add, it is the same as that of the case of the gestalt 1 of operation. 
[0024] Drawing 3 shows the result of having measured coercive force about each [ these ] 
sample. As for each sample of the gestalt 3 of operation, this drawing 3 showed that the big 
coercive force of 400 or more kA/m was acquired for the period of the concentration 
distribution about an alloying element by 1 micrometers or more. Next, drawing 4 shows the 
result evaluated about the crystal stacking tendency of each sample. This drawing 4 is the result 
of calculating psi value (= psi 50) which measures an X diffraction pattern and is set to I(psi)/I(0) 
=0.5 from the dependency of the integrated intensity I of the diffraction peak of the acquired 
field (006), setting the scanning shaft in X-ray diffractometer to theta/2theta, and changing 
offset angle psi of setting of a sample, and means that a crystal stacking tendency is so high 
that the value of psi 50 is small, psi 50 is a comparatively low value from this drawing 4 in the 
range whose period is 1-10 micrometers, and, thereby, any sample concerning the gestalt 3 of 
operation was understood that a crystal stacking tendency is good. 

[0025] A substrate is a Ti plate, the gestalt 4 of gestalt 4. implementation of operation is what 
carried out spatter membrane formation, having made concentration distribution of each alloying 
element of In, Ga, aluminum, and Si into having-with half peak width of 1.5 micrometers-fixed 
peak concentration Gaussian distribution, and repeating this with the period of 5 micrometers, 
and was made into the total thickness of 100 micrometers, and if it removes these points, the 
structure of it is the same as the gestalt 1 of operation. 

[0026] Next, the sample of six kinds of things from which peak concentration differs was 
produced by the plural coincidence spatter about the sample which added each element per [ In, 
Ga, aluminum, and Si ] gestalt 4 of this operation. In addition, if the production approach of the 
gestalt 4 operation removes the point of a substrate and an element concentration profile, it is 
the same as that of the case of the gestalt 1 of operation. 

[0027] The result of having measured coercive force about each [ these ] sample to drawing 5 is 
shown. Element concentration shows the average concentration in the film among drawing. This 
drawing showed that average concentration could acquire the good property of 400 or more 
kA/m of coercive force for any sample concerning the gestalt 4 of operation less than [ 5at% ]. 
[0028] Let the amorphous phase 4 be a neodium iron boron ferromagnetism phase by adjusting 
the presentation of a Nd-Fe-B target in the internal configuration of the film magnet concerning 
the gestalt 1 of gestalt 5. implementation of operation. Next, the sample concerning the gestalt 5 
of the operation produced in order to measure the torque about the motor using the rotator 
produced by the gestalt 5 of this operation is described. The sample concerning the gestalt 5 of 
the produced operation is what set the alloying element to Si, and made concentration 
distribution of this Si the distribution curve of A indicated by drawing 1 . Moreover, if the 
production approach of this sample removes the point that an element concentration profile and 
the amorphous phase 4 are neodium iron boron ferromagnetism phases, it is the same as that of 
the case of the gestalt 1 of operation. 
[0029] 
[Table 3] 
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[0030] Thus, four poles of each sample of the gestalt 5 of the obtained operation were 
magnetized, and it considered as the magnet rotator, and included in the motor, this motor was 
operated, and torque measurement was performed. Table 3 shows this result. In addition, the 
result about the thing of the alloying element Si in the gestalt 1 of operation is also doubled and 
shown in this table for the comparison. Since this operation gestalt 5 made the amorphous phase 
4 the ferromagnetic phase, this table 3 showed it, although it could acquire bigger average torque 
than the gestalt 1 of operation. 
[0031] 

[Effect of the Invention] Since this invention is constituted as mentioned above, it does the 
following effectiveness so. While the c-axis of a crystal has the mixed organization of the 
Nd2Fe14B mold crystal phase and amorphous phase which carried out orientation in the 
direction of thickness according to invention according to claim 1 to 4 Since at least one 
element in In, Ga, aluminum, and Si was added in the film, and this element concentration was 
made high in the part which touches a substrate and it was made to change in the direction of 
thickness periodically, big and rough-ization of crystal grain is prevented, and a property with 
little [ a crystal stacking tendency is high and ] dispersion in magnetization can be realized. 
Therefore, if the rare earth alloy film magnet of this invention is used for a motor, torque 
fluctuation of a motor can be made small. 

[0032] Moreover, according to invention according to claim 2, since the change period of said 
element concentration is 1-10 micrometers, in addition to said effectiveness, the mutual 
intervention of a crystal can be controlled effectively and a high crystal stacking tendency can 
be realized. 

[0033] Moreover, according to invention according to claim 3, since the average concentration of 
said element is less than [ 5at% ], in addition to said effectiveness, the mutual intervention of a 
crystal can be controlled effectively and a high crystal stacking tendency can be realized. 
[0034] Moreover, according to invention according to claim 4, since an amorphous phase is 
ferromagnetism, in addition to said effectiveness, higher magnetism can be acquired. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Dr awin g 1] It is a sectional view for explaining the film magnet concerning the gestalt 1 of 
operation of this invention. 

[Drawing 2] It is a sectional view for explaining the film magnet concerning the gestalt 2 of 
operation of this invention. 



file://C:\Documents and Settings\austinm\My Documents\JPOEn\JP-A-2001 -27401 6.... 1 1 /l 5/2006 



JP-A-2001-274016 



Page 8 of 10 



[Drawing 3 1 It is the property Fig. of the coercive force about the film magnet concerning the 
gestalt 3 of operation of this invention. 

[Drawing 4] It is the property Fig. of the crystal stacking tendency about the film magnet 
concerning the gestalt 3 of operation of this invention. 

[Drawin g 5] It is the property Fig. of the coercive force about the film magnet concerning the 
gestalt 4 of operation of this invention. 

[Drawing 6] It is a sectional view for explaining the conventional film magnet. 
[Description of Notations] 

1 A metal layer, 2 A R-Fe~B magnet layer, 3 A substrate, 4 An amorphous phase, 5 Nd-Fe-B 
mold crystal phase. 

[Translation done.] 
* NOTICES * 

JPO and NCIP1 are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
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3.1n the drawings, any words are not translated. 




[Drawing 2] 




[ Drawing 3] 
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[Drawing 4] 



7.5-- 



"o 5.0 
I 



2.5 — 




o 


la 


o 


Ga 




AI 


• 


Si 



4 1 1 1 1 i h 



-f 1 1 1 1 i 1 1- 

10 15 



[Drawing 5] 
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[Drawing 61 
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